OBJECTIVE -We investigated the association between functional health literacy and markers of pregnancy preparedness in women with pregestational diabetes.
A pproximately 19,000 pregnancies in the U.S. occur annually in women with pregestational diabetes. Although this represents a small proportion of total births, pregnancies in women with diabetes are important because of the potential for adverse outcomes, including spontaneous abortions, stillbirths, congenital anomalies, and the requirement for neonatal intensive care (1) . The risk of these outcomes may be minimized with preconceptional planning. Specifically, periconceptional folic acid supplementation and good glycemic control before pregnancy have been shown to reduce these risks to a level only slightly higher than that of the baseline population (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) .
Many women with diabetes unfortunately fail to receive preconceptional counseling or to achieve good glucose control before pregnancy. Health care providers have attempted to determine the barriers to ideal diabetes care. Diabetes is a chronic disease that can be very confusing and frustrating for patients. Many patients may not understand their disease, the information their health care providers give them, or the importance of tight glucose control. Studies in nonpregnant diabetic subjects have confirmed the relationship between low socioeconomic status, low literacy, and poorer glycemic control with a higher risk of complications (12) (13) (14) (15) . Two studies (16, 17) specifically evaluating functional health literacy in nonpregnant diabetic patients found very high rates of inadequate and marginal health literacy at 50 to 75%.
Functional health literacy has not been studied in pregnant women with diabetes. We therefore performed a pilot study evaluating the association between low functional health literacy in women with pregestational diabetes and markers for adverse pregnancy outcome.
RESEARCH DESIGN AND
METHODS -Pregnant patients with pregestational diabetes, class B or higher, either type 1 or type 2, were prospectively recruited from three sites: two universitybased clinics and one community-based high-risk obstetric ambulatory care clinic within the Chicago area. Women were approached at any point during their pregnancy once they had established prenatal care. Women were excluded if they did not speak either English or Spanish. The institutional review boards of all three sites approved the study, and recruitment occurred between May 2000 and November 2001.
We utilized a cross-sectional study design with birth-outcome data in a convenience sample of women recruited as they presented for a regularly scheduled prenatal appointment. Each participant completed the Test of Functional Health Literacy in Adults (TOFHLA) short form and a demographic and medical questionnaire (18) . The TOFHLA is a validated measure of functional health literacy available in English and Spanish versions (19) . The short form consists of 36 reading comprehension items. Each correct item is given 1 point, with a maximum score of 36 points. In our study, a score of Յ30 comprised the low functional literacy group. The test is in the form of two different reading passages where every fifth to seventh word is omitted and must be selected from a list of four possible choices. The reading level is at or below a 10th grade level, and the passages are written with regard to medical situations, i.e., instruction for having a radiologic study and Medicaid patient rights and responsibilities. The TOFHLA is a
timed test, and subjects have 7 min to complete the reading passages.
The additional questionnaire included basic socioeconomic questions such as level of education, work outside the home, and car or phone ownership. Other questions included were with regard to overall health, diabetes control, and whether the pregnancy was planned. The questionnaire took ϳ5 min to complete and was available in English or Spanish.
Patients continued to receive standard prenatal care and management of their diabetes. Medical records were reviewed after the postpartum visit for additional information on pregnancy and delivery. Care providers were unaware of the results of the TOFHLA, which was not scored until after all data on the pregnancy were collected. Differences in clinical factors between the low and adequate functional literacy subgroups were assessed by Student's t test or MannWhitney test for continuous variables and Fisher's exact test or 2 test for dichotomous variables. A P value of Ͻ0.05 was considered significant, and all tests were two sided.
Our primary outcomes were related to pregnancy preparedness, and we based our sample size calculation on the rates of planned pregnancy. In the U.S., only 50% of women plan their pregnancy (20) . We hypothesized that women with low functional health literacy would be even less likely to have a planned pregnancy as compared with women with adequate literacy. Based on ␣ ϭ 0.05 and ␤ ϭ 0.70, we were powered to detect a 50% difference in pregnancy planning between groups. This study was not funded, and the goal was to collect pilot data; therefore, it was slightly underpowered with ␤ ϭ 0.70.
RESULTS -Seventy-four women with pregestational diabetes completed the TOFHLA and general questionnaire. Participants were categorized into low (Յ30) and adequate (Ͼ30) functional health literacy based on TOFHLA scores. Sixteen subjects (22%) were classified as having low functional health literacy. Women with low functional health literacy had a mean score of 23 Ϯ 6 on the TOFHLA compared with 35 Ϯ 1 (P Ͻ 0.001) for women with adequate literacy. There were 39 (67%) women with type 1 diabetes in the adequate functional health literacy category and 8 (50%) in the low functional health literacy group (P ϭ 0.33). Maternal demographic and socioeconomic characteristics by functional health literacy status are shown in Table  1 . Women with adequate health literacy presented for prenatal care earlier than women in the low literacy group (8.3 Ϯ 3 vs. 12.8 Ϯ 7.8 weeks of gestation, respectively, P ϭ 0.04), but there was no difference in the gestational age of the two groups for when the women completed the TOFHLA and questionnaire (22.4 Ϯ 9.1 vs. 21.9 Ϯ 10.2 weeks of gestation, P ϭ 0.86). Women with adequate health literacy were more likely of Caucasian race and had a longer average duration of diabetes. As anticipated, fewer women in the low literacy group had a high school education. The low literacy group also had a higher rate of markers indicating lower socioeconomic status, such as not owning a car.
We found significant differences between the low and adequate literacy groups for different factors related to pregnancy preparedness, as is shown in Table 2 . Women with low functional health literacy were significantly more likely to have an unplanned pregnancy. They were less likely to have discussed becoming pregnant with the doctor who managed their diabetes or with an obstetrician. Compared with women with adequate functional health literacy, they were less likely to have taken folic acid before pregnancy or during the first trimester.
Pregnancy outcomes by functional health literacy status are shown in Table  3 . There was no difference in the mean initial glycosylated hemoglobin value between the two groups (8.2 Ϯ 2.4 vs. 7.5 Ϯ Data are means Ϯ SD or n (%). *Statistical difference between women with low and adequate health literacy.
1.8, P ϭ 0.28), but overall patients who had a repeat value in the pregnancy demonstrated improvement in their glucose control. The greater likelihood of hospitalization during the pregnancy in the low literacy group was largely attributable to the need for improving metabolic control. There was no difference in gestational age at delivery, but birth weight was significantly higher in the low functional health literacy group. Women with low functional health literacy were also more likely to have a neonate that weighed Ͼ4,000 g compared with women with adequate health literacy. Other birth outcomes were similar between the two groups.
CONCLUSIONS -Functional health literacy has not been previously studied in pregnant women with diabetes. In our pilot study, nearly one-fourth of women presenting for prenatal care with pregestational diabetes qualified as having low functional health literacy. Our study had inadequate power to assess meaningful differences in birth outcomes. It is concerning, however, that low functional literacy was found to be associated with several factors known to negatively impact outcomes in pregnancies complicated by diabetes. Although our study had small numbers, we did find significant differences in our primary outcome, planned pregnancy, and in other issues of pregnancy preparedness. Women with low functional health literacy were less likely to plan their pregnancy, take folic acid, or talk to a physician before their pregnancy and presented for prenatal care at a later gestational age. We felt it was important to include Hispanic patients in this pilot study because of the relatively high rate of diabetes in this growing segment of the U.S. population. However, our relatively small sample size (only seven subjects were Spanish speaking) prevented the assessment of potential confounding influences on the association found between low health literacy and lack of pregnancy preparedness. For example, our low literacy group was more likely to have markers of lower socioeconomic status, such as not owning a car. It is plausible that there is interaction between low health literacy and other socioeconomic factors, which pose barriers to medical care.
A recent study by Schillinger et al. (21) evaluated physician communication with patients with low functional health literacy. Patients whose recall or comprehension was assessed by their physicians had significantly lower HbA 1c levels than those who did not. This novel study suggests that physicians may improve patients' health by employing communication techniques. If a larger investigation confirms the associations found in our pilot study, intervention trials are warranted to assess whether such strategies are effective in ensuring that women with diabetes have the opportunity to prepare for pregnancy regardless of their level of functional health literacy. 
